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BLUNT-tfOSE AILERONS   OK A TAPEBED  VIVO 

By Paul 2,  Purser  and Thomas A.   Toll 

SUMMARY 

I 

An investigati 
10-foot tunnel of v 
blunt-nose aileron 
wing of a fighter a 
included various am 
various nose radii, 
of the aileron hing 
size and the effect 
determined for all 
determined over the 

on has been oade in the LMAI 7- by 
arious modifications of a 0.155—chord 
on a eemispan model of the tapered 
irplane.  The modifications considered 
ounts of overhanging nose balance with 

The effects of the vertical location 
e axis were determined for. one balance 
s of the gap at the aileron nose were 
the modifications.  Peak pressures were 
nose portions of some of the ailerons. 

She stick forces and the rates of roll were estimated 
for a fighter airplane with plain sealed ailerons and with 
•one of the blunt—nose ailerons. 

The results of the tests and computati 
that, for the arrangement tested, the use o 
ailerons with 40—percent balance would redu 
speed stick forces to a very small value 
effects of a gap at the aileron nose tended 
the chord of the balance was increased. Th 
the vertical location of the hin^e for the 
40—percent balance were small. The effects 
the nose radii on the blunt—nose ailerons w 
to incre.i30 the negative slope of the curve 
moment plotted against aileron deflection, 
rolling—moment coefficients at small ailero 
to increase the rolling—moment coefficients 
leron deflections, to increase the effectiv 
range of the aileron, and to decrease the m 
the peak pressures over the aileron nose. 

ons indicated 
f blunt—nose 
ce the high— 
The adverse 
to decrease as 

e effects of 
aileron with 
of increasing 

as, in general, 
a   of hinge- 
to decrease the 
n deflections, 
at large ai— 

e deflection 
agnitude of 

The magnitude of the peak pressures indicates that 
severe compressibility effects would probably be encoun- 
tered if the ailerons were deflected ±15° while the air- 
plane was flying at a moderately high speed.  Accordingly, I 



It  appears  that  blunt—nose ailerons  should be tested  at 
Mach nua.bors   considerably higher  than the Mach number   of 
the test   data herein  prosontod  before  being  oonsiffeTed 
for use  on.high—speed  airplanes. 

IHTEODUOTIOH 

Because  of  the   increased   importance  of   obtaining 
adequate  lateral   control  with reasonable  stick forces 
for Iji^h—.speed airplanes  under   all flight   conditions, 
the "%^,0-it has  engaged   in  an  extensive program  of  latoral- 
contr'ol  research.     The purposes   of  this Iproftrnw  are  to 
determine  the  character istics   of   existing,lateral—control 
devides,   to   dätetmino   the   characteristics   cf  modifica- 
tions   to.existing  devices,   and  to   duvolop   new  devices 
that   show premise  of  belngooro   satisfactory  than  those 
now,in  use. ' 

Ihyostigatlons   in  tvo—dimensional  flow (reference  1 
to'4)  have   indicated  that  use   of  nose  ovorhanc (or   bal- 
ance)   offoro.a powerful  means   of  adjustinc  control- 
surf n'ce'hinge.'molrien't's. '   Tli* present   tests   wore  node  .to 
'determine  the' characteristics   of   C.155—chord  ailerons 
with   blunt—none   balances   on   a   tapered  wine  model,"   The 

iinvestigntion.included  determination  of  tho   effects   of 
^balance   chord",, balance  nose  radii,   noso   saps   and   seals, 
and  vertical   location   of   the   aileron  hin^e   axis   on   the 
characteristics   of   blunt—nose   ailerons.      She   dynamic 
pressures existing  over  the nose portions   of   some  of  the 
ailerons   at   various   deflections   and  rngleo   of   attack  were 
also  determined. 

•   AFEARATUS  AND   liETHODS 

. '' : lest   Installation 

:;' jyoeiiii span model   of  a tapered-wing was   suspended   in 
' the^kAL  7—  by  10-f oot'turfnel   (refer eive'e  6)   as   shown 

schematically   in   figure   1.     The  root   chord  of   the model 
.wjas   adjacent.to   one   of   the  vortical   walls   of   the  tunnel, 
Which' thereby  served  as  a reflection .plane.     Th'o  flow 
over   a  somiapan  wing   in  this   setup   is   assenti'aliy the 

.samo  as   it   would  bo  over'half  a  eomple"t.'e ' symmetrieailly 

*i 
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loaded wing in a 7- /by 20-foot tunnel. Ho part of the 
•ode), was fastened to or in contact with the tunnel wall 
and a small amount of clearance Was maintained Between 
the root chord of the model and the tunnel wall.  The 
model was suspended from the Balance frame, as shown in 
figure 1, in such a way that all the forces and moments 
acting on it could be determined.  Provision was made 
for changing the an.^le of attack while the tunnel was in 
operation. 

if 

She aileron deflections and hinge moments were de- 
termined by means of a calibrated torque rod and linkage 
system developed especially for this type of setup (fig. 8). 
The aileron was deflected by turning the hinge—moment dial 
which, through tho torque rod, drove the aileron—deflect ion 
drive tube ,ind tho link to the aileron horn.  When the de- 
sired aileron deflection had been attained, the torque rod 
was clamped in position in order that all wing forces and 
moments could bo determined without any interference from 
the operator of the hinge-moment unit.  The aileron deflec- 
tion was determined by the reading of the aileron—deflec- 
tion dial with respect to the pointer attached to the 
angle—of—.-it tack drive tube.  The aileron hinge moments were 
determined from the twist of the torque rod as indicated 
by the reading of tho hingo—moment dial with respect to 
the pointer mentioned.  The torque rod was calibrated 
after it was installed in the test setup. 

Pressures ever the nose portions of some of the ai- 
lerons were measured by means of static—pressure tubes 
located at several chordwise positions for each of two 
spanwise locations (section A and section B of fig. 3). 
The tubes were about 0.020—inch outside diameter and were 
held in position with the tube center line at a distance 
of about 0.09 inch from the surface of tho aileron.  The 
total pressure of the air stream was measured by a total- 
pressure tube placed about a foot below the model and 
about 4 inches ahead of the model support-strut fairing. 

Models 

The  tapered—wing model usod   in  these  tosto  was  built 
to  the plan  form  shown   in figure  3  and represents  the 
eross-hatched portion   of  the  airplane   in  figure  4.     The 
baslo airfoil  sections  were  of  the NACA 230  series  tapered 
in  thickness  from  approximately  15fc percent   at   the root 

* 7  t' > . 



to ej percent  at  the  tip.     The basic  chord    o1     of the 
wing model  was   Increased  0.3  inch  to  reduce  the  trailing— 
edge thickness   and  the  last  few  stations  were  refaired  to 
give  a .saooth   contour.     Ordinates  for  the   extended  and 
refairocl  seotiona  are  given   in  table   I. 

She  slotted flap  was   built   to  tho  ordinates  given  In 
table  II  and had  a chord  of  about   .'JO.? percent   of  the 
wing  chord.     The flap   ordinate3   are   siren for' the  root 
and  tip  sections  although   only  tho portion  of   the  flap  ex- 
tending froia  tho root   station  to  the 53,3— inch  station was 
used for  these  tests.     The  slot  shapes  and flap  pivot 
points  are  also  given   in   table  II, 

In figure 5 the 
0.155c by 0.-105b/3 
at any spenvriso stat 
semiepar. model. Eou 
tail blocks wcru pro 
ancs,   gap,   and hinge 

.nose blooi: was built 
radii were  vr.ried by 
.tests of a tfiven set 
Pr.oria,ion was made f 
balances. 

details arc g 
ailerons, whor 
ion and  b  is 
ovablo  aileron 
vidod   in  order 
i—axis location 
for each nnou 
reshaping the 
of nose radii 

or minimum, 30 

ivon for 
o  e  is 
twice t): 

—nono bio 
that the 
could be 

nt of bal 
nose bio 
had been 

i—per cent, 

tho  various 
the  wine chord 
c   spun  of  tho 
C!:B   and wing- 
aileron  bal- 
varied.     One 

ar.ee.     The  nose 
c!:s   after  the 
completed, 
and  40—percent 

Only  one hinge—a:ci-s   location  and nose  shape  was   tested 
for  the minimum—balance  (plain)  aileron.     The hinge axis 
was  located  on  the  ailerou noan  line,   and the  aileron noso 
at   any  spaiiwise  station  was  a  circular   arc  tangent   to  tho 
upper   r.nd  lower   surfaces   of   the  aileron  with   its   center   at 
tho hinge  a::is.     The  30-percont—balanco  nose  block was   do— 
eignod   in   such  a mannor   that   tho   .aileron moan   lino  unportod 
above tho  airfoil  surface  at  all  points  along the  aileron 
span for  vory nearly the   saae  niloron  deflection.     Tho  wing 
mq^el tapors   in percent   thickness   and  therefore   it   was 
necessary  to  vary the percent  balance  nlon;;  the  aileron 
span  in  order   to Meet   tho  condition Just   stated,     For  tho 
aileron  with  30-percent   balance  the  balance  chcrd  at  any 
spanwise   station was  fixed  by tho  condition  that  has  been 
specified  and  by the  additional   condition  that   the  balance 
root—iaean—square   ;hord     c0    nust   equal  30 percent   of  the 
aileron root—nean—square   chord    "Sa.     The  aileron  with  30- 
percent   balance  will   be   called the  0.30cn-balance  aileron. 
The  aileron  with 40-percent   balance  wa3  designed  in  a 
similar manner   and will   bo  called  the  0.40l5a-balance  aileron. 
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Tho  three nose radii  tested  on  the 0.3C3a- an4 the 
O.40?a—Balance  ailerons   were  selected   in  the  following 
manner!     When   the  center   of   curvature  wan  located   on  the 
aileron mean  line,   the  radii  that   would  describe   continu- 
ous   circular   area  tangent   to  the upper   and  lower   surfaces 
of  the  aileron  were  designated medium  radii;     Small  radii 

'were  taken  as   one—linlf   the riediun  radii   and  large  radii 
were  taken  na   one  and  one-half   tinoo   the medium  radii. 

Provision  was  n.ide   for   two  hinge—axis   locations  and 
two  gaps   for   the  0.40c'a-oal;~nee  aileron.     A  separate  wing- 
tall  bloc!:  w.'.s   constructed  for   each   cap  and  for   each  posi- 
tion   of  the  hinge  axis.     The  two  positions   of   the' hinge 
axis  were  at   the mean  line  and  at   a  location  60  percent 
of  the  aileron  somithickness     t     below the mean  line. 

lest  Conditiona 

All the.tests were Made 
9.21 pounds per square foot, 
velocity of »tout 60 miles 7-. 
number'of about 1,540,000 b»i 
chord of 3'J,66 inches of the 
Reynoldc namber of tho tost;: 
VL turbulence fictor of 1.6 f 
tunnel. The present tccts v; 
velocity, and hl^h turbulonc 
ditiono to which thu result? 
these  variables  were  not   det 

at   a  dynamic  pressure   of 
which  corresponds   to   a 

er  hour   and  to  a  test  Reynolds 
ed  on  a noan  aerodynamic 
aodol 'win!-;.     The   effective 
wa«   -.bout   2,4o0,000   based   on 

or   tho  LHAL  7- by   10-foot 
ore made   at   low   3Cnlo,   low 
o  relative  to  tho  flight   eon— 

npo  applied.     Tho   offecte   of 
ermined   or   estimated. 

HESULTS   A1TD  DISCUSS 10» 

Coefficients   and  Corrections 

The  symbols  used   in   the proaentat Ion  of  the  results 
are 

<5L lift   coefficient     (L/o.0S) 

Cj) uneorrected  drag   coefficient     (B/o.  S) 

CB pitching—moment   coefficient     (li/q0Se') 

Cj' rolllng-nonent   coefficient     (l'/q.0Sb) 

* *vV. 
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uncorrected model polling—inoaent cooffioient 
U»a/q0Sb) 

yawing—moment   coefficient     (lf/q.0Sb) 

aileron hinge-aoncnt  coefficient     (H/q.Q1>a?a
a)    ' 

Ch     of up  aileron ainus     Cn     of  down  aileron 

actual wing  chord at  any  spanwlse location 

chord  of  basic airfoil  section at  any  spanwiso 
location 

mean  aerodynamic   chord 

aileron  chord neasured  along airfoil   chord lino 
from hingo  axis   of  aileron  to  trailing edge 
of  airfoil 

root—mean—square   chord  of  aileron 

aileron balance chord moacurod alang airfoil 
chord lino fro.'.i balance noou to aileron- '< 
hinge axis 

root—mean—square  chord  of  aileron "'balance 

aileron—balance  ratio 

twice  span  of  aenlspan nodal 

aileron  span 

twice'area  of   sesia]-an aodel 

seaithieknees   of   aileron  at  hinge  axis 

twice  lift   on   senispan aodel 

twice drag oh   neniopan uodel 

twice pitching'moment of sen 1 span aodel about 
support   axis 



0/ 

I» 

I'm 

H 

4 

4a ax 

7 

T0 

7i 

a 

«a 

«f 
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rolling moment, due to aileron deflection, about 
wind axis In plane of symmetry 

uneorrected rolling moment, due to aileron deflec- 
tion, aoout wind axis In plane of symmetry 

yawing moment, due to aileron deflection, aoout 
wind axis in plane of symmetry 

aileron hinge moment 

local dynamic pressure lip?    i 

dynamic pressure of air stream, uneorrected for 

blocking 
ft".') 

maximum local dynamic pressure 

local  velocity 

free—stream velocity 

indieatcd velocity 

angle of  attack 

aileron deflection relative to wing,  positive when 
trailing odge  is  down 

slotted flap deflection relative to wing,  positive 
when  trailing  ed&e is down 

eontrol—stick doflection 

rate  of change  of rolling-moment  coefficient 
Cj»     with helix angle    pb/2V 

rate  of roll 

stick force 

A positive value  of    I1     or     C j*     corresponds  to an 
increase  in lift  of the model and a positive value of    N1 



or     Cn'      corresponds  to  a decrease   In  drag of  the model. 
(Twice the actual lift, drag, pitching moment, area, and 
span of the model were used in the reduction of the re- 
sults  'because  the model  represented half  a  complete wing. 

The   Eiisle   of   attack,   the  dras   coefficient,   the 
rolling—moment   coefficient,   and the  yawing—moment   coef- 
ficient  have  'been  corrected for   the   effect   of  the  tunnel 
walls   in  accordance with  the theory  of  tro.ilir.e-vortex 
Images.     The   corrections   applied   to   the  rolling—   and 
yawing—moment   coefficients  account   for   the  fact   that  the 
spanwlr.o  loading  ir.dv.ced  by  aileron  defleetior.   or.  a  semi- 
span wirij:  with  a r cf.'. act lor. plane  at   the piano  of   symmetry 
is   sonowhat   different   from  the  loading that  would  be  in- 
duced  over   a   cor.i.p".oto  wing.with :io  reflection  plane.     This 
statement   in  mudo  in  an  attorapt  to  clarify statements   in 
previous  ropot-r.  an  to   the   oorree'lons   applied  to  lateral- 
control  dat.".  fron  tosta   of   the  taporod—wing nodol  used 
and  should  -.lot   bo   construed  to  ao.:n  that   the   corrections 
appliod  to   tho   data presented  heroin  differ   from   those 
applied   in  previous   lat oral—control   tessts   of   C.155c  by 
0,405'o/C   allero/.-.   un   tills   wing model.     "o   corrections  have 
been   ajv.-lied  to   the  lift,   tho  pitching—uoment,   and  the 
hinge—moment   eorfx'ic! nit e ,   but   ueuput at ions   indicate   that 
these   corrections  would  be vory email.     ITo   corrections  have 
been applied to  any  oi'  tho results  for  blowing,   for mis— 
alineaent   of   the   r-.ir   stronm,   for   the   effocts   of   the  support 
strut,   cr   for   the   treatment   of  the   inboard   end   of   the  wing, 
that   is,   tho  Email  gijp  between tho root   section  of  the  wing 
and tho  vail,  :V-.i lc.i'.:iige  thi oujh  the wall  arcund  the  sup- 
port   tube,   ard  tl:e   tcinc r.r'j   ln.yer   at   the  vfr.ll.     These   ef- 
fects   tire  probi'bj;-   c?   ictcr.d-ardor   in^ox tn-iue   for   the 

• rpll -~pr-  a:id  y::.v~i:ev-:l.m.ieiit   oocf f i 3 lentn   (which   310  basi- 
cally  lE.crono:.ta1  fr.tt)   lut  r.ay  "on  more   isfpt'tant   for   the 
other   force",   and  «ra::r.r, _particularly  for   the   drag  coef- 
ficients.      It   IG  fcr   this' re.-.son  that   the  drag   coefficients 
are referred  to  as  uncorroctod. 

"he   corrections   that   vore   applied  (by  addition)   to 
the  aurie  of  nttiul" (in  dos),   t:-°  draj  coefficient,   the 
rolling—moaont   coefficient,   and the  yawing—moment   coeffi- 
cient  were 

Aa =   1.30  Cj, 

toi> 0.023  0T 

t J*\ 



AOj'   - -0.15  Oj« 

ACa»   = -0.03  Oj, C(' 

31 
-• Characteristics  with Ailerons Neutral 

A comparison of  the  lift,  drag,   and pitching—moment 
character is tic a,  of the tapered—wing model equipped with 
plain ailerons  and blunt—nose balance ailerons  fixed at 
neutral  is   shown  in figure 6.     In  order  to make  the  con- 
parison for   the  case   in  which the  greatest possible 
deviation night  be  expected to  occur,   the  0.-10Sa—balance 
blunt—nose  aileron with  large nose  radii  was   selected. 
It   is  seen  from  this  figure that   these characteristics 
agree reasonably wel'l  for  the various  aileron   installa- 
tions;  for   this  reason,   it  was  not   considered necessary  . 
to present  data of  this   type for  eaeh  of the modifica- 
tions  tested  in  this   investigation. 

Plain Aileron 

The  characteristics   of  th'e plain  aileron,   shown  in 
figure 7,   are presented primarily to provide  a base with 
which the bltmt—nose—balance ailerons might  be   compared. 
The most   significant  points   to  be  noted from  figure 7 are- 
the high  negative  slopes   of  the hinge—moment   curves 
öCtt/fl5a    for  both  sealed  and unsealed  ailerons  and the 
marked loss   in rolling—moment  coefficient  caused by an- open 
gap at  the  aileron nose. 

Effect   of Type of Seal 

Although the grease 
during the tests  of the p 
was  experienced  in measur 
balanced  ailerons  when  th 
found during the  course  o 
ent results   could be  obto 
grease  seal  with a thin   a 
the mean  lino  to the nose 
the wing tail  block.     She 
between  the  wing and  the 
open for  all  tests.     The 
with the grease  seal were 

seal  seemed  to  be satisfactory 
lain aileron,  great  difficulty 
ing the hinge uoments   of  the 
is   type  of  seal was  used.     It  was 
f the  investigation  that   consist- 
lned more  easily by replacing the 
trip  of rubber  dam,   cemented at 
of the  aileron  balance  and to 
longitudinal gaps,   0.002c wide, 

ends  of  the  balance  were  left 
tests  that  had  already been made 
not repeated  with  the rubber I 

r*>; 
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B«al,  with  the  except ion  of  a single  test   of  a 0.40ca- 
balance  aileron  with "medium nose radii  at   an  angle  of 
attack  of  13.3°.     A  comparison  of  the  characteristics   of 
the aileron with the two  types  of   seal  is presented  in 
figure S.     The principal   differences   to  be noted  are  that 
the negative  slope  of  the hinge—moment   curve   is   smaller 
and the  effectiveness   at   positive  aileron  deflections   is 
slightly  larger  for  the  grease  seal.     These  differences 
are probably   caused  by  the  fact   that   the  grease,   in  addi- 
tion to   sealing  the  gap,   filled  the   space  between  the 
wing  and  the  aileron nose,   which may have prevented  lat- 
eral  flow  along  the  leading  edge   of   the  aileron,   and  also 
gave a  less   abrupt   change  in   contour   at   that  point.     The 
less  abrupt   change   in   contour  should  cause  a  smoother . 
flow over   the  aileron  nose  and thereby  cause  both  the ai- 
leron  and  the  balance  to   be uore   effective.     The   increase 
in.balance  effectiveness   is   especially noticeable  at   large 
negative  aileron  deflections;   at     3a = —20°     the hinge- 
moment   coefficients  for   the  tv/o   ty^es   of   seal  are  approxi- 
mately  equal  but   opposite   in  sign,   with  the  grease—seal 
results   indicating the  larger  balance  effectiveness. 

O.SOTEa— Balance Ailerons 

The   characteristic!:   of   some   of   the modifications   of 
the  0.30TJa_balance  aileron   are  giver,   in  figures   9   to   11. 
The  characteristics   of   3one  additional modifications  are 
presented  in figures  13  to  11,   which  show the  effect   of 
nose radius. 

At   an  angle  of  attach  of  1.5°  the presence  of  the 
seal  on  the  aileron  vrith   snail  nose  radii  decreased  the 
negative  slope  of  the  hinge—uonent   curve    öCh/d5a     at 

small deflectior.B  by  about   0.001   and   increased  the  effec- 
tiveness   for     6a  =  ±15°     by  about   14  percent.      (See   fig.9.) 
At   an angle   of  attack  of   14.8   ,   however,   the  seal had 
little  effect   or.  the   slope  of  the  hinge—mouent   curve at 
small  deflections  and  the unsealed  aileron was   slightly 
more  effective  than.the   sealed aileron. 

Ueither   nose radius  nor  gap  had much  effect   on  the 
variation  of  the hinge—moment   coefficient  with  angle  of 
attach.     (See  fig.   12.)     Vor  all  the modifications 
dCA/da     is  very  nearly   zero  within  the range   of     a = —4°' to 
a =  4°     but   assumes  a gradually  increasing negative value 

,•_«> 

* *< V, 
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as the angle of attack is Increased .above 4 .  The value 
of Ö0h/öa at  a = 16°  is about -0.005. 

The negative slope of the hinge—moment 
increases as the nose radii are increased ( 
for both open and sealed gaps. Increasing 
decreased the aileron effectiveness at smal 
flections for the open gap but the effect w 
for the seal?! £".p. The ailerons with the 
maintain thc."..v effectiveness over a greater 
range j.r.d t>i-.i efore are usually the most ef 
have the lowest hinge moments for values of 
than 15°   or  20°. 

ourve    äCjj/äfljj 
figs.  13  and 14) 
the nose radii 
1  aileron  de— 
as  negligible 
large nose radii 
deflection 

feetive and 
Sa    greater 

0.4 00" „-Balance  Ailerons  with Mean Hinge Axes 

The   characteristics   of  some   of  the 
ailerons  having the  hinge axis   on   the mean  line  are pre- 
sented   in  figures   15   to  17.     The  characteristics  of  some 
additional modifications  are presented  in  figures  18   to 
SO,  which   show the   effect   of nose  radius. 

As   in  the  case   of  tho  0.30ca—balance  ailerons,   the 
variation  of the hinge—moment   coefficient  with  angle  of 
attack  does  not   seem  to   be appreciably affected  by the 
nose radius   (fig.   18).     With  a  gap  of  0.005c,  however, 
dCjj/da     is   slightly positive  for   angles   of  attack less 
than  2°;   whereas,   with the gap  sealed,     öCjj/oa     is  about 
zero  over  the  same range.     At 
-0.004  for   all modifications. 

a -  16   ,     dCh/da    is  about 

The tendency of the larger no 
negative slopes cf the hinge—memen 
Is  also   apparent   for  the  0.4ffca—ba 
again  the  effect   of   Increasing  the 
crease  the rolling-moment   coeffiri 
tiono  when  the  £E p  was   open.     l«.»th 
0.005c  gap,   the allivon we6   nvi.rta 
attack  of   0.1°.     (Su.  fig.   V'inj.' 
of -15°   and  B°  bet.':   i'.io hirse-mtj; 
r o 11 ing—uocr.nt—a>e- f i..' ient   cur"/oa 
ly when  the   snail  radii  are used, 
and low effectiveness   can be expec 

se radii   to   cause higher 
t   curves   at     6a =  0° 
lance  ailerons,   and 
nose radii  was  to de— 
iits  at   small  deflee— 
i,,.io,ll nose radii  and 

la'f.jed  at   an   nr.gle   of 
:   aileron  c-jflect ions 

:it—i'oeff iclia"   and 
orenk away quite rapid— 
and high hinge moments 
ted beyond these limits. 
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Effect  of gap.- The 0.40öa-balance aileron having 
medium nose radii was  tested with a gap  of  0.0025e as 
well  as  the usual  O.C05c und sealed gaps.     Figure 21 
shown  that  the  eharacteristlcr,   of  the  aileron  with the 
intermediate  gap  arc  not unusual  and lie about  halfway 
tetween  the  characteristics  with  0.005c  gap  and those 
with  sealed gap. 

The principal   effects  of  gap  on hinge— and rolling— 
moment parameters  for  the 0.40'Ba— balance  aileron with 
medium nose radii nay be Judged fron figure  21  and from 
the following table: 

(Jap a 
—- for 
&6a 

6a« 0° 

£.Cj' for 

80 = ±15° 

Sealed 
.0025c 
.005 c 

rC.l 
-0.0017 
-.0012 
-.0008 

0.042« 
.0407 
.039 2 

Sealed 
.0025c 
,005c 

-0.0047 
-.0034 
-.00Ü3 

0.0405 
.0404 
.0409 

Doubl ins the width  of  the gap very  nearly doubles   Its   ef- 
fect   on  tlie  slope  of  the hinge—moment   curve  at   either 
angle  of  attack.     The   increment   of  rollinp—momont   coef- 
ficient  produced by   aileron  deflections   of  ±15°   is  quite 
noticeably  decreasod  with  increasing gap  at   the  low angle 
of  attach but   shows  praotically.no   change  at  the high 
angle  of  attach.     At   the  low  iiifrlo  of  attack  the  effect 
of  the  sap   in decreasing the rolllng-moment   coefficient 
appears  to  be  almost   entirely  on  the up  aileron;   at  the 
high  cngle  of  attach,   howevor,   the reduction  in  effec- 
tiveness   on the up  aileron  is   counteracted  by  a  corre- 
sponding  increase  in  effectiveness  on the down aileron. 

0.40ca—Balance  Aileron with Low Hinge  Axes.• 

The  characteristics   of  two   0.4ü*ca—balance  ailerons 
having low hinge axes  are shown  in  figuros  22  and, 23. 

•* 

*! ••>•'•*?! 
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The  characteristic»  of  some  additional modiflcationo  are 
included  la figures   24  to  29,   which  show the  effect   of 

.hinge—axis  location. 

The hinge—axis   location had  very little  effect   on 
the variation  of  hinge—moment   coefficient   with  angle  of 
attack when  the  flap  was  retracted (fig.   34)   T)ut,   with 
the flap  deflected  50°   (fig.   25).,   the  ailerons   with  low 
hinge  axes   showed  a  greater  tendency  toward positive 
values   of     dCn/da    for   angles   of  attack  below  3°.     In 
general,   it   can  be   said  that   the   change  in  vertical posi- 
tion  of  the hinge  axis  had little  effect   on  any of  the 
characteristics.     Por  most   of  the  nose modifications  the 
ailerons  with lov/ hla,;e  axes   seemed  to retain  their   ef- 
fectiveness  to  slightly higher  positive deflections  and 
to lose  thoir  effectiveness  at   slightly lower  negative 
deflections.     There  was  a  corresponding  shift   in  the 
values   of     5a    at  which  the tresicB   in  the hinge—moment 
curves   occurred.     At  high angles   of  attack the aileron 
with  a gap   of  0.005c,   nediun  noee  radii,   and  low hinge 
axis  (figs.   26  and  27)   giive  considerably higher   effec- 
tiveness   for  negative  deflections   and  only   slightly  less 
effectiveness for  positive deflections  than  the  same ai- 
leron  with   a mean hinge  axis,   but   this  tendency was  not 
evident   for  the  ailerons  with  sealed  or  0.000c  gap  and 
with  large  nose radii.     (See  figs.   28  and  29.) 

Effect   of Balance  Chord 

The   effect   of  the  balancb   chord    TS-^     on  thqi  charac- 
teristics   of  the  blunt—none  ailerons  with med'iun nose 
radii   and  mean  hinge   axes   are   shown   in  figure   SO.     Some 
of the more   important   effects  of  balance  are  summarized 
for   several   of  the   ailerons   in  figure  31.     Increasing the 
balance  chord was more  effective   in decreasing the  slope 
of  the hinge—moment   curve for   p.ilorous  with   0.005c  gaps 
than  for   ailerons  with   sealed  gaps.     (The   increment   of 
rolling—moment   coefficient  produced  by  aileron  deflections 
of ±15°  was   increased  as  the  balance  chord was   increased 
for   both medium   and   lar,;e nose  radii  and  0.005c  and  sealed 
gaps.     The  effectiveness  of  the  ailerons  with  0.005c gaps 
increased more rapidly  with  balance   chord  than  did  the 
effectiveness   of  the  ailerons  with   sealed  gaps. 

I 
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Peak Pressures 

Local  dynamic pressures  were  determined  at  various 
positions   over  the  noses   of   some   of   the  ailerons,   and  the 
results  are presented   In' figures   32 to  35   In  terns  of  the 
ratio   of  the  local  dynamic pressure  to  the "free—stream 
dynamic pressure.      In   each  c-ir.e   an  attempt   was made  to 
select  positions   as  near   as possible  to  the point   at  which 
the peak prosuure   could bo  expected  to  occur.     The peak 
pressure, for  a given   spunwla-e position  on  a given aileron 
Beamed  to  depend principally   on  the  aileron  deflection, 
being practically   independent   of  .ingle  of  attack until  the 
occurrence, of  local   stalling  over   the aileron  nose.     The 
peak pressures   at   the   inboard  and  outboard   sections   were 
Very nearly  the  same  for  a given  aileron deflection  ex- 
cept   during  a  condition  of  partial  aileron-nose   stall,   as 
ill- figures   33(c)   and   33(d).     The   pressures   on  the   lower 
surface   of   each  of  the  ailerons   were  generally  somewhat 
lower   thn.n  the pressures   on  the  upper   surface.     Sealing 
the  gap  seemed to have little  effect   on the peak pressure 
on   either   surface. 

She  ratio   of   the  peak  dynamic  pressure 
stream  dynamic presoure     q     x/«l0     is  plotted 

aileron deflection for the three nose—radius 
in figure 36. At aileron deflections of 15° 
q,nax/q0     at   tho   inboard   section  ranges   from 
large none  radii   to  3,0.?  for  the   small  none 
values   correspond,   respectively,   to  local ve 
1.63  and   1.74  tiaea   tho  velocity   of   the   free 
peak pressures   over   the  nose  of   the   aileron 
nose radii  are  only  slightly higher  than  the 
cures   over   the  aileron  with  lar*;e  nose radii 

to  the free- 
again st 

modifications 
the ratio 

3.65   for   the 
radii;   these 
locities   of 

treaa.     The 
with medium 
peak pres— 

Because  the peak pressures  v/ere relatively high, for 
all  the modifications   tested,   it   is  probable  that  the  ef- 
fects  of   compressibility will  be   sovere  at  high  speeds. 
It   is  raconiaiended  that   blunt—noce  ailerons   be  tested  at 
liaeh nuabors   considerably higher   than  the Mach  number   of 
the  teat  data horein  presented  before they  are,considered 
for  use   on high—speed  airplanes. 

Estimated Rates   of Roll   and Stick Forces " - 

Thelrates   of  roll   and the   stick forces   during  steady 
rolling  of.the  airplane,   shown   in  figure  4,   have been 

itf i 
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estimated from the data of figures 7, 10, 11, 16, 17, 23, 
and 23.' The rates of roll we're estimated by means of the 
relationship 

(!)• 

where the coefficient of damping In roll ci'r 
waS taken 

as 0.46 from th« data of reference 6.: I.t has been assumed 
that the rudder will be used to counteract the yawing 
nou(j;.t, that the aileron—operating mechanism is nonelas- 
tio, and that the wing will not twist.  The stick forces 
were estimated from the relationship 

• *   oL   flUh dOfl 
is) 

which may he derived from  the  aileron dimensions  and the 
following airplane   characteristics: 

Ving area,   Square  foet 260 
Span,  foet        36 
Taper  ratio             1.67:1 
Airfoil   section  (basic)         .   .     HACA  230  series 
Mean  aerodynamic  chord,   inches   ....         84,14 
Weight,   Tiounds   .   .        7063 
Wlni* loading,  pounds  per   square  foot        27.2. 
Stick length,   feet  2 
Maximum   stick deflection,     8B,   degrees     ±21 

The value  of  the  constant   in  equation  (2)   is   dependent 
upon  the  wing loading,   the  size   of  the  ailerons,   and  the 
length  of  the  stic":.     The values   of    dSn/d6s     in  equation 
(2)  cey. be  dntornliod  from  the  maximum. 3tink deflection 
of ±21     and  fir cm  the m.i.'cir.'.um  aileron  defections  noted  on 
the figures   showing  the  .jamputod results;   for.a given ai- 
leron    dSa/d68     is   assumed  constant.     Tho values   of     Cj' 
and    ACh    used  in   equations  (l)   and (2)   are  the  values 
computsd  for  the  condition  of  steady roll;'the  difference 
in  ac;le   of   attack  ci'  ilia  two  ailerons  duo  to  rolling has 
bean  ta-:en  into  account.     All  the  ailerons  wero  assumed 
to deflect   equally up  and down  with maximum  deflection* 

•• «*1 -'ft' 
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sufficient  to produce    pb/27  -   0.09  at high  speed,  whioh 
would  allow for  a 20-percent   IOBB  due  to  cable  stretch 
and wing twist  for   the nonrlgld  airplane  and  still pro- 
vide    pb/2V  =  0.07  (the minimum  requirement   stated  in 
reference  6). 

Stick—force   characteristics   of  the  0.30ca-balanoe 
aileron  with  0.005c  gap  and medium  and large  nose radii 
are presented  in figure  37.     Stick—force  characteristics 
for  the  0.40'c"a~balance  aileron  with 0.005c  gap  and medium 
and large  nose radii   are presented   in figure  38  for   the 
mean hinge—axis   location  and  in figure 38   for  the  low 
hinge—axis  location.     No   computations  were made  for   the 
ailerons  with  small   nose radii  because  the   aileron nose 
was  nearly  stalled  at   the deflections  required  for  the 
small   aileron used  in   these  tests.     For  all   cases   shown 
in figures  57 to  39   increasing  the nose radii   increased 
the  stiel:  forces   and  the  aileron  deflection  required  to 
attain  a  given    pb/2V.     In general  deflecting the flap 
Increased  the  aileron   effectiveness,     tfith  the  0.40T!a— 
balance  aileron,   lowering the hinge axis  decreased the 
high—speed  stick  forces  for  the  medium  nose  radii  and  in- 
creased  the high—speed  stick force?  for  the  large nose 
radii. 

A.comparison   of  the  stick—force'character ist lea   of    . 
the plain   sealed  aileron  and  the  three balanced  ailerons 
vlth  0.005c  gaps   and medium nose radii   ie  given   in figure 
40.     As   shown  bythe   curves  of  figure  40,   the use  of 
0.40"5a—balance  blunt—nose  ailerons  will  reduce  the maximum 
high-speed  stick'forces   to   about   15 percent   of   those  ex- 
perienced   in'the use  of plain  sealed ailerons.     There was 
no   indication  that   the  use  of  blunt—noso  ailerons  would 
cause   overbalance   at   low  speeds.      The   email   reduction   in 
stick  force produced  by the  0.30ca  balance   ?m   compared 
with  the  reduction   caused  by the  0,.40Tra balance may  be 
attributed  to  the  larger  rate  of   change  of     Ö0h/ö6fl     with 
balance  chord for  the  larger  balance  and also  to  the  fact 
that  the  O^OT^-balance  aileron  with  0.005c   gap  was   less 
effective  than  both  the plain  sealed  aileron  and  the 
0.40ca—balance aileron  with  0.005c  gap.     Had   all   three 
ailerons  been  sealed,   the difference  in balance  effec- 
tiveness  would have  been  smaller. 

'tj% V*. 
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COH0HT6IOBS 

I, 

Trom the results of the tests and computations here- 
in reported, in which the effects of compressibility, 
turbulence, and scale have been neglected, the following 
conclusions may he drawn: 

1., For the arrangement tested, the use of blunt—nose 
ailerons with' 40—percent balance and medium noBe radii 
veuld reduce the high-speed stick forces to about 15 per- 
cent of those experienced in the use of plain sealed 
ailerons. 

2.. Increasing the balance chord increased the ai- 
leron effecfiVene-ss sllght.ly and reduoed the adverse ef- 
fects Qf a gap at the aileron nose. 

3. Increasing the nose radii decreased the .aileron 
effectiveness for small deflections hut increased the 
effectiveness at large deflections and'extended the de- 
flection range' over which, the ailerons maintained their 
effectiveness. 

4. Increasing the nose radii increased the negative 
slope of the curves of hinge—moment coefficient plotted 

>against aileron deflection hut, at the same time, extended 
the deflection tango over which the slope was relatively 
small. 

. 5. Changing the position of the hinge axis from the 
aileron mean line to a position near the lower surface of 
the aileron had comparatively little effect on the al- 
leren characteristics. 

6. She peak pressures over the noses of the blunt- 
nose ailerons were relatively high at moderate deflections. 

Langley Memorial Aeronautical Laboratory, 
Hational Advisory Committee for Aeronautics, 

langley Field, 7a. 

I 
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TABLE I 

0RDINATE3 FOR AIRFOIL 

[Spanwise stations In inches from root section.  Chord 
stations and ordinates in percent of basic wing chord ci| 

Model wing station 0 

Upoer Lower 
Station surface surface 

0 0 0 
1.25 3.48 -1.60 
2.5 4.61 -2.36 
5 6.10 -3.21 
7.5 7.14 -3.82 

10 7.89 -4.33 
15 8.80 -5.12 
SO 9.22 -5.71 
25 9.40 -6.10 
30 9.37 -6.28 
40 8.90 -6.23 ' 
50 8.02 -5.78 
60 6.85 -5.05 
70 5.44 -4.10 
80 . 3.87 -2.97 
90 2.12 -1.67 
95 1.16 -.94 

100 .18 -.16 
100.73 .03 -.03 

L.E. radJ .us: 2.65.  Slope 
of radius through end of 
chord: C J.305 

Model wing station 88.8 

Upper Lower 
Station surfac« surface 

0 0 0 
1.25 1.89 -.84 
2.5 2.65 -1.07 
5 3.70 -1.26 
7.E 4.45 -1.40 

10 4.98 -1.52 
15 5.54 -1.86 
20 5.73 -2.22 
25 5.77 -2.46 
30 5.71 -2.62 
40 5.36 -2.70 
50 4.78 -2.56 
60 4.06 -2.27 
70 3.21 -1.87 
80 2.26 -1.36 
90 1.22 -.78 
95 .70 -.46 

100 .18 -.14 
101.2 .05 -.05 

L.E. radius: 0.7 0. Slope 
of radius through end of 
chord: 0.305 

*< 
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TABLE II 

OHDIHATKS FOR FLAP AND SLOT SHAPES* 

(Spanwise stations In Inches from root section. 
Chord stations and ordinates in percent of basic 

wing chord cjl 

c ft> L.£. 

287c fi> L.E. 
c, to L£- 

\jhinliP 2 *&3in. 

A to L.£. 

Mode 
station 

wing staHnn rf 
Upper 
surface 

Flap Static« 

„   Slot 
atatlon 

«1 5.3 
*2 2 
X 85 
y 2.5 

iiation gBTBI 
5.1 
2 

83.3 
3.3 

Flap Pivot Point 
Station01 Station 88.81 
e5.8 
7.7 

84 
8 
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Balance  frame 

•Slotted flop 

'—Balance frame 

Figure I.- Schematic   diagram  of test   installation. 
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